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Helle Alonlowaly | 25X 1
Profossor, Doctor of 3clonco

(Chomiotry)

Tmining of Engincors for
Industrinl Chomistry at tho
"Lonsovjot" Tochnologloal Inatituto
of Leningrad

The dovolopront of highor toohnieal toaching in Rusola, at ita
start, w3 clogoly linkod to the probloms of the chemlcal mining industrye
Attontion was given to the teaching of chomioto oven under Potor 1st, whan -
speoialiste wore trainod in the £lold of minoral and motal analyolos. Since
tho middle of the 28th contury in Russia, undor the initintive of (fWe
Lomonogaov, regular treiming of highly qualifiod ehordeto has boon carrded
oute In a laboratory, well equippad for its time, studenta of Lasaonossov
carricd out various projects in gonoral chemiotry, analyticol chionlatry,
pyatcol chomistry and opplied chomistry, Thore woo thore 6 hopmy conbing=
tion of plyysical - mathomtieal mothods and chemical mathods.

With that, tho riporounly quantitativo pdnciple was doainant in
rogearch carried out in thoe laboratory. [Followsre of Lozonossov bocano
cheriots woll vorsed dn mthamtics aad pyaicss

- In 1755, tho oponing of Hoocow Univeraity mde possilile tho
tralning for the country of al lm‘go' nuder of highly qualified speoialists,
incluling chomiotse lMoocow Univoraity contributod to tho brolnlng of
radoarc!wra and profossors who, in twm, mado posaible tho ercabion of now
achoals of highor learning in Dussla. Tho £irst ochool of il lwme bockulcal
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learning in Husais was the Institute of Minaa at 3t. Peterburg, oponed
in 1774, where studonts wore taught the mining industry at the sano time
as chomistry and the principles of chamistry in metallurgy.

At the boginning of ths 19th century, the country was groatly
in nood of enginoer-tochnologiste, owing to the rapid development of
chanical enterprisos, mainly those which served the toxtils, loathor and
sugar industries, An Institute of Technology wma oponad at St. Potorsburg
in 1628 where mochanical tachnologists and chomlsto wore trainod who
followad interlocking surrioula and prograns. Students at the Ingtitute
lsarnod among other things, phyeiecs, prectical chomistry, tochnolopieal
chemdotry and rochanics. In the organization of the teaching of chemistry.
at tho Institute, a Lig role was played, without a doubt, by one of ite
fourdars, tho father of thorual chemistry, G.X. Guesag. _

Fifty yoars later, that 1a in 1879, students of the Technological

" Institute wore loarning 33 subjaocts. Most of the sbjoots ware taught
acoording to tho same programs They wore highsr mathamatios, phyetes,
inorganico chemistry, thereo dynamics, resistanos of mterials, applied
machanica, tachnology of mstalas, tochnology of oconstruction materials,
technical deaign, drafting, architsctural art, architecture, goodeay,
fdoroion languages, politioal econacy and othor mibjacts related to
chamlotry and machanios.

Lator courses wore introduced in slectriocal technique, physical
shomiatry, chomical tachnolosy and chemical processes and apmratus,

The studont chemists aloo leamoed supplomentary subjeots such
asi analytiocal chomintry, organie chomlstry, technolory of mineral
substances, anatomy ad phylology of plonts, minerology, tochaology of

organie substancos, tochnology of focd, tochnology of coloring mtorials.
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At the Tachnologleal Inatitute, teochors woro D.I. londcloov and
mayy othor scholars == the metallurglst Tochomow, author of a roferones
voric on orgonie chonlstry, FoFe Boilstaine, tho phyatoal -clmist. Gels Cuona,
tochnologiate S.So Andrdov, AJKe Kroupalyy, SeVe Ldbddav, PO, Fédotjow'r.
NeLe Chtolioukine, tho eminent chamloty AsAs Jakoviiine, A.E. Favorsiay,

A.Bs Poray-fochits, D.Ps Konovalov, NI, Kourbatov, physiainns D.L. Roaingue
and ReBe Lonta and othora.

Tho main characteristiocs of technological educatdon 4in Dusoia
befors tha revolution wore (2)1 training of tochnolosical engincors,
chontats and mochanical engineera on an intsrlociod curf:lm:lum over the
first three yeara; fundamontal instruction dn pomoral thoorotical aubjocts
arv pensral ensineoring subjecta; alose co-ordination botwwon theorotieal
teaching and practiecal work in the laboratorias, the shopo, tho mills amd
ths mnufacturing plants, It should ba notod tha% chomical ensincors

- were gradustod with wide capobilities and possosaing deep knoilodse of
mechanleal aubjocts and that moechanien) onginsars had a good lmm—:iodgu of
the osgantlala of technolopieal processes,

Highor tochwlogzical instruction in pre-revolution Rusain had
mado somo progross,

In differont parts of the coundry threo teahnolosieal inatitutes
tore oponcd (st Fetrograd, Khartov and at Tomak) as woll as four tochnologleal

facultios in toclrieal schoolss Shordly bofors iorld Var I thogo institutes
had an onrolment of 10,000 stulonts ond the nusbor of produnting engineors

was 200-230 por yoare This roprosonted a smaller numbor thon a single
gradunation in 1957 at the "onsoviot" Technologlenl Instituto of Loningrade
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In 1918, tha Lanin decroe On Adudssion to tho Highor Loarning
Establishaonts in tho ReFe3.5¢ stipulatod that "tho first places st
incontostebly bo recervad for people drawn from working clasces amd
poor poasants, to whom the stale scholarships will bs granted on a large
scalo',

Having openod wide the doors of its establishyrmts of learning
to all mon and womon from all nationalities, and having done auay with
tho tultion feos and given ocholarshipe to a larps mjority of the
students, inc:l.tmng vithout exvaption, all thoao wiv were in neod, our
progrousive etate has achieved in & ohort time completa demwcratisation
of the schowol of highor learning and has ensured ite rapid developaent.

At the present time there are in tho country more thun 7,0
highor loaraing esteblishomnts, of wilch 195 are technieal schools, with
& total roglgtration of 700,000 studontss Almost all larpe cities in the
Soviet Uaion havo becomo contors of higher tochnieal learning; in meny
eatablisirents the teaching 1s given in tho lanzuags of tho locol
mationalitios.

Tho training of chemlcal englncers wag intenoified followlng the
startling prosreas of thils indusizy in the UeSeSellee

AL progent, wo havo sono 40 tocirologiesl institutos and 23 many
anginoaring fasaltics in polytocinde institutes and othors wihidch, in 1955,
gradumated L0534 in chomdeal enzingoring, 1085 in Loresbry, Jloadn, collulose
ol mapor Sochuolony; 3454 dn tho tostiaology of fovl, txmnilo tul ot
intusurics ovl a dorge meber of moc'valcal oasintorze 'oicover, Lo
tochridogsica) Inciitubos hove traln:d o larqo mrlor of selehiots - in

chondanl ol Loainical asclongos
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The admisolon tosts to the selwols of higher learndng inclule the
following exsuadnationst tho candidatots native language and lltorature,
rothomties, physles, chemdstry and one foreign lanzungoe

An a mle thore are alanys novoral candidates for cach vucanoy
in tho Tochnoloztonl Institute of Leningradle

2, Trainine of fedneora for tha
Chomdeal, Tnduckry

A characteristic or tho chonteal industry 49 that the invostmont
in equipment and motive power 19 proportionatoly much largor than in other
industries.

In 19,0, tho investmant in oquipmont 4n the chemical industry
4n the U.S.3.Re was 32,000 rublas por worker and vas tlnm\about 10 times
larpor than in the taxtile industry, and twlce as largo aa in tho

motallurpieal industrye (7) In tho chendeal industry, modern machinory
and outoratic oontrols for chamical procosnes are oonstantly boing
introducods The modorn techntcal engincer mist, therefore, bo woll
tainad, not only in the fiodd of chamistry amd chenleal tochnology,

but also in the new tachniques of automatdon, utilication of inctopos,
etos (2) Tho curriculum for technical encincers ot the Lonsovjob
Tochnologiea) Tnatitute of Leningrad has been the subject of important
changes {n accordance with the requiremants of a chanzing Industrye

Dofore the revelution, allmoat 655 of the tims in the enginooring
onurco was dovoted to enmlnsering science. At that tim & proctising
tochnolorical enpincor vas obliped to carry out, tho dutlos of a

construction onrinoors
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Ih the 1930%s moro attantion wes peid to speciallined subjocts,
to whilch 257 of the coursa was dovotade

This practice arose fron the increaaing demoand for apocialilzod
graduatos qualifiod to o to work Lmaxdiatoly in the wide varioty of
new plants ad f{actories.

In tho last few years the Soviet teclmological inastitubas wore
entrustod with the training of spacialista with a wide range of kntuledges
In thio recpeot, in $ho eurricuwlum at tho Lenaoviet Tochnelosical Institute
of Loningrad, almost half of the time 1s spant on thooretlcal subjects,
ohout one-third on engineering subjecta amd only 13,6% on speclalizad
subjoota. . _

Owlinz to the spocial subjoots tousht ot the Lonsovjet Tochswloglcal
Instituto of leningrad, chomical el mochanical enginsers are trainod to
work both in straigit chomica® induntries axd aloo in plante which use
chondel teoinicquos to a darpe degross (Tho yotrolown industry, ooke
industry, food, textile and light industries, building matorial i&uatrlas.
mchinory ond meseuring instrumanto atcs ) Tho gradwmate from tho Institute
13 elso eqalppod to work on planning and in seiontifio rescarche Docouse
of tho varloty of work in which he may bs engped, the praduats from the
Institwto 1s roquired to have broad techalcal knowledge, a thorough
foledse of hiphor mathomtics, piysics, chombotry, elestricel eugineering,
eleclronles, chemleal onzineering procusses and equimmont, strongth of
mboerials anxd othar engingoring subjocts.

Tho dlversity of tochnlcal processes and the equiizant nacossary
for thon, the apslication of autornflon and tho varloty of ruasuring and

control oquipwmt, requiros ercativo offort on tho part of tho onzinear
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during his studles, It is nacossary for him to know how to analyse and
tobulato the results of the oporation of equipnant, mchines, and various
installations, as wll as to devise, on tho beasls of exporimantal data,
now tocinloal processes &l new equijnknt or improws those alroxly extotdng,
with a viou o increasing production and lowering peoduotion costoe

In cocordanca with those requiremants the curriculun of the
Instituto 1o doslensd to graduate sposlalists with o wide range of

Educabion ot the Instituts is sob wp on & curriculun for each
smclal subjeet and this controla tiw list of oubjects and ths order in
which thoy aro talom, tho dates of the tests and exasinaticns, aud of tho
poriod of Infoctrination, For the sajority of subjects the course lasts
for 5 years; for cortain very difffcult subjecta - 5-1/2 yoara.

Tablo Nos 1 outlines the currieula followsd at the "Institut
tochnologique lensovist® in Loningrad, designed to gradwate tochnological,
ehordoal, and mechanteal anginoora.
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Table Fo. 1 « Ourrioula of *L'Iastitut technologlque
Lensovjet® « Leningrsd.

SUBJECTS Chemical Engineers " Mechsnical FEngineere
1. 3001&1. .cﬂm“. and 6 6
hupanitarian soliences 62 : 624
15.0 15.0
2. Physics and mathsmatics 3
660 136
14.9 _ 17.0
3. OChemistry s .
: 1,110 320
25.0 ‘ 7.2
ke Applied mechanios ? ' 8
850 1,520
19.0
5« Applied cheminsry B
hs2 k4
10.2 13.8
é. Special subjects b
‘ 600 héo
13,6 10.3
7¢ Physioal elmoation and 3 1l
sport 136 136
.2 3.2
Totalt Subjects 30 29
' 1).‘&32 ‘*.m
% of total 100.0 100.0
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aubae;ta in the soolal, economic, and hunsnitarian group include the hhta;'y
of the Communist Party of the Sovied Union, political econcmy, history snd
logla, industrial ooonony.' the orgrnisation and famning of industrial entedr-
prises, and one foreign langusge. '

Physios snd mathematics inelude - mathematics, physles, snd nechanical Sheory.

Chenietry includes general, inarganio, snalytioal, organisc, physiocal,
oolloidal chemisiry.

Applisd mechanios includes desoriptive geoxatry, sechnical dosign, resiatance
of materials, mechnaical theary, paris of mmohines, tharpal technique,
slootriosl technique, construsiion and metsllurgy.

Applied chemiatry includes gensral ohemical teahnology, processes and squip-
ment of ahemionl indnstries, sulometion a chemisal industriss, safety

practices and ocorrosion of metale,

Special subjects oamprise courses in chemiatry and Sechnology regarding the
special subjoots, as wall a8 gourses in meshanioal equipment of industries
{n the particular category. Particular atiention _ls given %o the atudy of
{ndustrisl iastallstion, end the conetruntion of machines and equipuent used
in the chemisal industry.

The prinoipal methods of mnmtton'm ~ lectures, seminars, prectical
work, and pertods in thelsboratories, shops, and in induatries.

The timetable ie set up on a basis of & hours per day. Vork in ladoratories,
shops, drafting rooms and lecturs rooms is also planned #0 as to assure the
student the greatest amount of independence and initative. During his
sducation the stulent has to cauplctfa caloulatione and drawings, and to attend

L
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leohusres regarding his work in the laboratory. .

A% the end of sach someuster there is a period of exsminations in the subjects
inoluded in the curriculum. Testa in the course of the curriculum have $o be
taken by the studant after he has completed caloulations, Arawings, and
practical work in the laboratory.

Fo addltionecl time is set meide in the curriculum 30 Sake the teeds, vhioh
have to bs comploted hefore the sxaminations in the oourse of the study parviods.

Three or four weeks are set aside for the axamination period which takes
place at the and of estch sementsr. Duping this period thestudent has %o tale

a naximm of § exantnations.

To dovelop habits of individual work and methods of starting projecis and do
the snginsering connscted with thea, the purricula require students %o work |
out problems in thermal techniyue end economy and %o couplete projects at the
end of the year dealing with questions adoul machine parts, processes and
squipment in chemieal technology, special technology, eta. ete.

The drawings of euch project represont from 3 to 5 sats of ordinary designs,

In the courss of his studies at the Inastitute the student is sent thres tines
to modorn industrial estadbliskimants to work thore.

At the end of the third year he spsnds 4 weeks in his firet general intro-
duction to practical enginsering work at the estabdlishment, During thie time
students take note of the plent economy, ite elesotrioal eupnly, wvater supply,
the aparation of boller rcons, the ropalr of mechanioal equipment at the
transportetion machine shops, as well ss in certain technologioal production

procedures,
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_ Near the end of the Bth and Dth somesters the student takes
his technological initlation and a term ondinarily preceding the
graduation work, each lasting B weoks, \

During the technologlcal course the students mequaint them-
selvea with processss of production as well as with methods of quality (
control of raw materials, matarials in process and finishod-prnduets.-
During thle tho student works with tuehhologléal graduates and in plant’
laborsteries, |

During practical work whioch precedea gruduation, and which tskes
plsce in planta whoso spoolalty s similar to the proposed future work,
‘the students aoquaint themselves with the technology as well ns. the work
dons in the msin and auxliiary shops of the plant, the tgohnological
documentation, the distribution of personnel, the economias of production,.
and the orgenimation of meintenance services,’

The knowledge gafhed during this course is of great valua to the
student who 1a'prupar1ng his graduation thesis. The atudents sre sent on
course in conformity with s contraot mlgned betwsen the Institute and the
firm,

The planning of the thesis for gradustion, or the axacutioﬁ of
the resesrch work constitute the final phase of study. Thelq;abject of

hiz theais is given ta the student befors hie gradustion temm.

The 10th pemeater is devoted entirely to plenning or to the

research work.
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The subjects for the thesis are ocuggested to the students keeping in

mind tho needs of the industry, and in most coees deal with complote
plant projeats, Tho project oonsiats of ssteblishing materisl and
thermal requirements for produstion, caioulntlonn regerding specisl
apparatus, transportstion facilitles, and communications, At the asme
time, a report on the economica of the project is prepered, to justidy
the approximate cost of the building and equipment, distribution of
parsonnel, costs of raw meturial, steam, dlootrioc power and finally the
cost of production, and factors congerning automstion, production control

and safety measures,

Work on this project also includes produotion flow shests, plans of the
tuilding showing the location of equipmend, conetrustion plans of one or
tvo important pleces of equipment and an sutomation plan of an industrial
installation. This part of the project contains 7 %o 9 pages of ordln;ry
drawings. The part containing the sconomic study together with the
calculations varies from 80 %o 120 pages.

Students showing aptitude for scientific research are given sudjects on
chemistry or produation techmology.

Greduation theses are presented pubdlically by the students in the presence
of the State Examination Cormmission whose clairman 4s in most caces a
technical engineer or well kmown contractor. The sppreciation of the work
1s given by an exporionced engineer in that particular field, who 1s
officlally desirnated %o anclyse the worlis Having successfully supported

his work the atudent is gr.nntéd. the title of 1Technicsl Tngineert,
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Institutes of higher loarning already posseaszing aome experience produce
engineers according to their own ourricula. 'The plan at our institute tekes
into sccount besidas the general progrem of study, mochanics, electricity,
and automation of ol_:emicnl. plants, the application of aboﬁj.a energy and of
new materials available to the industry,

The individual curricula, not including those at the technological institutes
or polytechnio institutes, are besed on scientific aims ond interests of the
faculty and 8180 on pedagogicel traditiona,

The quality of education is in large measure dependent on the development of
the solentific ressarch work directed by the professors, Fach professor who
directs laboratory work and givoé the leotures doea also the solentifio work,
This woxl'k is financed in the institute by the aﬁto and &leo by firms |
sceoxding to their economic contraots,
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To hmrp an 1dea of the sclentifis work dons at the Institute let us look
at the following exnmplec.

The chonioal industry equipment fasulty looks into the prodlem of sutomaticn
of chomical processes. The Fneulty of technology of inorganie choalatry
carries ond resesrch in Kinetics of hetsrogensous prooesses. The Faoulty of
processen and equipment stndiss the kinotics of‘ typioal processes of chemioal
technology. The !’wulf.r of aleotro~chenintry siudiee She mechunica of slectrie
eryetslllgation. Ths Faculty of Zzlass cerries on solentific vork regarding

the production of gleag at low tomperstures sni stnudies the elecirie yroperties
of gluses Tho Faculty of miclear physios studies the photonuclear reactions

on heavy mucled, as woll as probless on radioluninesoence, The Yaculty of
goneral chamistry studles synthesia methods snd the physicowohemical

properties of ocomplex condinations of series of elexents,

A we have indlonted, important ressarth vork of the faculties is finsnced W
1ndﬁstry. Yor instence, in 1957, midar contracts sigzned between the Institute
and induadry, resonrch work carried oud by the Inotitute would bo valued ab

9 million rubles.

In 1957 importand soientific resesrch labvoratoriss wers crested at the
Iastitute under the faculties of muclear physics, snalytio chemietry, and
orgsniec chonistryl laboratoriss equipped with modorn facilities, with research
pergonnel complementing the exiating etaff in such a way as 0 naks possible
work on larpge scale saientific problems, conforming %o bhe spccmuoo of the
facultias. Similar ladorstories have now Deen opened under other faculties.

Students, membora of the student socioty on solentific ressarch, end students
preparing thoir graduate theses, participate in the resecrch undartakings of
the facnltiosn,
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A profassor of Jmown abllity, takew ssiundifid bharge of this atudend soolety.
Tho students raport on the results of Vhuiy yedvarch work during the oours"o
of the annnal scientific moeting of tH4 Insbitute. The best work S awarded
the Prixe of the Minister of Hithor Hdubadion of the UHSR.

The Inatitute periodlezlly orzanizes scionVifio codferehces betweon universities
denling with the branchec of nclence in vhish bbe chalre of the Institute

have obtsined notable sucoess. ¥For exanpld, Iﬂ-nmﬁ $i%e the recent con-
feranos gonoarning quostions of absorption, shd the preparation of solvents,
snamols, complex compounds, the thoory of colodk and the synthesis of colours,
at vhich numsrous soviet chemists took par$s

In 1957 the Institute oalled a sclontifie and methode wonferenss of all the
universities concerning the beashing of analydie chemistry in the sstablishe
ments of the teaching of higher education, regading the question of the
introduction of new phrn!uﬁ-chamicai nethods of rekonroh in the snalytic

cheomistry prozrami.

The resulte of dolentifia rocoaPoh and sclenbifis withods are published. Singe
1957, the inntitutions of the higher technion) leamning (in Mosaow and Ivanove)
hevs bteen pubdlishing scioniific veviows whioh puliiodwe ihs worl of the
chemiata from the estadlishrnants of higher learaing of the USEN.

In 1957 the partieipating menders of the Iustitites published 38 monographe
ond manusls — the whole making 458 poges of peluted mtber, Meo 1)
publiolations of “Work by the Technloal Inaditnte ‘Lensavest of Leningrad®
were issued (138 pages of printed matter), and a consideyadie number ef
articles were pudlished in the mnientifid Journale of the eaintry,
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3« The Studente and Thelr Organizations

Most of tho ptudonts (about 80%) get scholsrships wvhich increase fron year to

yoare Tho best students got inoraasss up to 253

In sffoct, however, overy stulent csn receive sa allocetion throuzh the

Students® Soclety.

thaaduinhtmtm of the Ipstitute organized at its own expense & recreation
canp in a wooded area,

Voarious student organisations function at the Institata. thelr reprecentatives
taldng part, oh an oqual footing, with the Inotitnts Coumoil,

A large role is played by the Student Syndientes. which include all the
studentes at the Institute. The syndicate comxittove elacted each yeor by
secret ballot, 1o the diyoating body of the syniieato organieation, This
directing Yody aontrols the warlous sotivitics of all the etudents through
4t committoes’ a study cormittos, emltural comittes, a committee concorned
with living conditions, otce., a8 well as thraugh the Syndicate offices in the
facultica,

The toacherd are reapongblle for the day to day educetlion of the ~tidante,
and their taglh 1o not omly to instruct the young, btut to iseulcerlu in them
the besh humon virtuess éiligenco, respoct for man, and the fruits of hino

lobor, & eonge of duty, ond & eplrit of internationalism.

A studento' journn) is published at the Institute -- "Technolomuo® «- with a
vory larco circulntion, oo well ap severnl intormmral Journals which roflect

all tho ovends 4n the 1ife of tho Inotitute cnd of the countyy,
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1t 4o ospecially in the cotivities of the amateur artistlo elubs where the
cultural cduontion work of the atﬁdﬁ:&t orgonieationa 4s mndfested. At the
Institute 500 young wmon nnd womon under the direction of profomelonal avtliats,
participato 4n chorel proups, work 1ﬁ theatricnl studios, toke lessens in
claseon for 80lo vingore and planists, play in the follsmusie élu'b. the

denee club, the paiﬁting atuﬁio. ate.
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Students readily go for aports; they toke pert in ell kinds of oompctltion#
snd gumesy B17 students are engaged in 20 zections of the sports olub of tho
Institute, os followst~ Mountaln climbing, football, volleyball, pymnastios,
swimming, boxlng.lathletics. skiing and hockeyy 1890 students practiae.sport
outside thaese sections, the greater part of them are members of the atudents

sport society,

The Technological Institute "Lensoviet" of Loningrad, together with other
technological institutes, train technological, chemicsl and mes hankenl engineors
for the chémical irdustry, The chemical engineera work in chemicnl plants, in
plant lsboratories and in eaolentific resecarch institutions, in the development
of projocts end as professors in schools of higher learning. The mochanieal
engineers work in chemical plants, in mochanical construction plants and slso

in the development of projeots.

The education of enginears at the Institute is concelved in such a manner as to
enable graduates from th: Inatitute, engineara or chemlsts, to operate all kinds
of apperatus without diffioulty and to make it possible lor mechanic;ﬂl enginocers
to find their way eanily in chemioal procossea, They are all educated following
the sclentifio traditions of the nationnl school of higher lsarning and, at the
same time, are initisted into the progress of science and the cultural edvance-

mant 4in the world,

All fscilities are piven &t the Institute to develop fr:ocly Individuasl facultles,
scientific asnirations of the young people, the formatlon of the;r charactors
and thelr physical development, Fach year through the dodrs of the Institute
there pras hundreds of young specialists, who enter into 1ife, corrying with

them their knowledge and the culture of cansolentious citizens,
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CEUWTAIN TRENDS IN THE DEVELOPMENT O CHMMISTH{ AND THE

CHEMICAL IMDUSTRY IN THE U,S8.5.R.

N.N. Melnikov

4

\

Dvr'ing recent year's, chemical science and the chowical indhslay
made
ai* Lhe xmﬂr" Uvion h; ‘v\

very considerable progress, on-e
indication of which is the launching of the first artificial tarth
satellites. It would have been impossible to launch these satellites
without the partici/pation of the chemical irdastry, for modern
rocketry places heavy demards on the chemical products and materlals
that it uses. All these materials are successfuldy produced by the
Soviet chemical industry.

Some idea ® of the development of the U.S.S.R. chemical
industry may be gained from the following ‘m/the volume output
of the chemical industry in 1956 was l.7 tldmes that of the prewar -
1940 level. In some of the categories the growth in production is
otill greater, The percentage increase in 1956 over that of 1940
is as follows: in artificial fibres - 1160, in plastic masses -855,
in gutomobile tires - 376, in mineral fertilizers -336, sulphuric
acid -271, etc,

A still more rapid “develc:tpment in the chemical industry is
envigaged for the coming years with considerably greater o appropria-
tions for the construction of new plants. A4s in previous years,
investments will be made in those branches oi industzy that make
for a higher living standard of thc people. High priority will be
given to the production of fertilizers ard chemicalsstum» for
protectinyg plants. This will help to raise ®f crop yiclds and
thuz expanl the cubput of fool @Enretucts ol Lo the indusbow
ol oAU S e, niactbie sz . and other materials directly

econcerned with the output of consumers' goods,
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The succeasful development of the chemical industry is directly

due to the extensive research conducted by a very large number of

~ research ®xi#a® institutes, chemical plants, mdyff by the Academy

)' _(" - "9 ,.1." [‘(’M)

of & Sclences.

In a bz;ie'f report it is impossible to encompass all the W&
meltifarious trends in scientific investigation and all the achieve-
ments of chemical production, for they are bound up with the output
of many thousands of products and materials produced by the chemical
industry of the country, and are the result of the study of thousands
of chemical reactions and processas,

At the present time the chemical industry of the Soviet Union
produces all ths principal mcdern products and materials required
by allied branches of indnstry and by agriculture. These include
synthetic fibres, modern plastic mterlalsxjig 'th%?‘l;’;s}f * JF exceed-
ingly diverse con;ounds, chemicalsy ; m‘ﬂ protecting plants (DDT and
it s analoguea), phosphoro organic preparations, organic conpounds of
mercury, differeni phenols, he xachloro-cyclohexane and many others,
s chemicals for i ;.ghtlng weeds( 2, L-D and its derivatives, IPME,
Al loni pery natall vl dertra N APy "M’w )

ClIPht, trichloro-acetates)’ 8sters of polyethylene—glycol, etc,,
fesy dyes, pharmaceutic preparations, antibiotics, and many others,
Ethyl alcohol and other substances are produced in large quantities
from petroleun gases.

However, like in any normally growing organism there is an
extra demand for certain prolu:hg; ay this nekes it necessary to develop
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st111l more rapidly the production of a seriss of w neﬁ materials,
The exceedingly rapld development of agricyiltnre calls for a fast
and expanded output of products necessary ﬂ;ﬂ in the obtaining of
higher yields,

The rapid development of the chemical industry became possible
due to t%le organizatim of a broad network of research kmtisiow
imstitutions both in the various branches of industry as well as
in the Academy of Sciences, and the academies of the union rEXEZFD
republics,

From the very first years of Soviet power, higher educational
establlisiments encouraged the development of the old schools of science
ard also began to create, one Jj§ after the other, new scientific
research organizatims whose aim was to promote /CRIFOUZN FCLeTRITLO
DREeAEHY the development itk of the sivi® different branches of
industry of inorganic and organic chemistry, Among these organizations
are the following: The Russian Institule of Applied Chemistry{later
ronamed the State Institute of Applied Chemistry), The Karpov Physioco-
chemical Institute, The Institute of Fertilizers {now the Scientific
Ingtitute of Fertilizers and Insecto-Fungicides, a NIUIF), The
State High-Pressure Insitute, The Scientific Inastitute of Semi-products
and Dyes, The Chemical E#Pwad Pharmaceutic Institute, Thé\'.%:ztitgié,
__gtnd_t institutes of artificial fibres, kM of the nitrogen industry,
of gynthetic @ililsxy caoutchouk, rubber, synthetic amikwimad alcohols,
and many others. |

Withouwt touching on questions concerning the development of
physical and inorganic chemistry//¥{¢/by the schools of such brilliant
investigators as N.S. Kurnakov. I.A. Kablukov, P,A. Rebinder, A.N.
Frumkin, N,N, Semenov, G,G. Urazov, I,V, Grebenshcﬁil‘cov, 1.1. Chemyaev

V.G. Khlopin, &.N, Terenin, V,1. Vernaldsky, A.P, Vinogradov,
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I.P. Alimarin, I.V. Tananaev, S.I. Volfkovich, and many others,
% shall attempt to give a broad picture of some of the trends in
the field of organic chemistry, |
Firgt in this field are the works of the nmumerwm s followers of
N.D. Zelinsky and A.E. Favorsky on different transformations £ of
aliphatic, alicylicf, and swhmicoxm aromatic hydrosirbons. of
great technical significance is the reactim of dehydrogenation of
di fferent twdroca'rbons, which can be used as a basis in the production
of such products as styrene, butadiene, methylstyrene, ethylene,
propylene, acetylene, and many others, Hydrocarbm transformations
of this type have bheen studied in su.ff;.cimt detail by N.D. Zelinsky
and A.A. Balandin and their coworkers. ‘As you know, the first of
these hydrocarbons mes serve as raw material far the production of
certain important types of synthetic rubber,

.-'-t mgy be mentioned that duwe to the work of 5.V, lebedev and
his school the USSR waa the first country in the wrld (1932) to
organize g} a large-scale industrial production of synthetic rubber.
In this important field of industry, priority undoubtedly belongs to
the Soviet chemists and technologists. At present the Soviet Union
produces a large number of @XXFerepd synthetic rubjers, W esch with
its gpecific peculliarities suited to the different fields of tech-
nology. At present, only the U.5.3.R. is producing industrially
butadiene-methylstyrene rubber, which has properties not inferier

atyrene
to butadimem rubber. Synthetic rubbers have also been
dmmipid developed on the bagis of other hydrocarbons too, and also
acrylic rubbers, vinyl-pyridine (that stand up well under feesk low

/1. l"
"\, temperatures and swell less in organic solvents), polyuret;\ane rubbers,

and many others. Vinyl-pyridine rubbers are obtained by means of the
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copolymerization of tutadiene and 2-methyl-5-vinyl-pyridine and
retain elastic:l\.‘g in the temperature range from =55 to +200°G.

& Of Ereat interest is isoprene rubber which was synthesized in the
U.S.5.R.

In recent years, increasing importance is being attached to
siliconic #GfExR caoutchoucs, the rubbers of which SR&E retain their
proﬁ&'ties in the temperature range from -60 to + 250°C. These
rubbers are also stable under the action of ultraviolet radiations,
waber, ozone, and many other chemicsl and physical agents., Rubbers
have also been fourd that do not lose their properties at temperatures
over 300°C, which is a significant factor €¥kxk® malding them useful
in various new branches of technology.

Besidesfl the rubbers already mentianed, the U,S.S.R. produces
many other types obtained by copolymerization of dienes with
ungsaturated gm halogeno derivatives of hydrocarbons and with other
unsaturated compounds containing differenmt functimal gwxm growps.
Also in prdduct.ion is butyl rubber. (

Of the reactions of the transformation of different classes of
hydrocarbons, mention should be made of the reactions of wx® aromati-
sation of a&@® aliphatic hardro(arbons » which are of interest in a
number of processes concerned with amelioration of motor fue:’tj; and
also the synthesis of certaln homologues of benzene, Again )exceeding-
ly interestling are tho reactions of a.llquatibn of hydrocarbons in the
presence of boron fluoride and other catalysts, the isomerization of
aliphatic and cyclic hydrocarbons with the inter-transition of gix-
and five-memeered cycles (B.A. Kazansxy, N.D, Zelinskyf et al.),

hydrogenation, oxidatian, halogenation, nitfat-lon, sulfochloration,etc,
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The diverse catalytic transformations of l'lydrogiarbona studied
by Soviet chemical school od as material for the development
by A.A. Balandin of the multiplet theory of heterogerdus ocatalysis,
which is baged on the principle of a structural and energy corres-
pondence between the substrate ard the catalyst,

The reactlon of the nitration of cyclohexane and its .analogues
which was developed by S.S3. Nametkin and hié coworkera may be
utiliged for the industrial production of polyamides., An interesting
technical method of obtaining polyamides on the basis of the reaction
of telomerization #X& has- been developed by H AN, Negsmeyanov, R,
Kh, Freidlina and their coworkers. The reaction of carbon tetré—
chioride with ethylene and a series of subsequent &% transformations
have served as a basls for obtalining a new typs of synthetic fibre -
“enant" and "pelargon." In addition to synthetic fibre, 5140
plastihil‘ioators, 1ubridants, and arcmatics have been synthesized sk
48T from the products of the reactigfof ethylene and carbon
tetrachloride and have been studied,

In this case, amino-enanthic acid and amino-pelargomic acid
are !obbained according to the following schemet

(f(ctf,_) p b, —r CL [ct/,._) o CO0H — M, (i, ), o, )

Mgthode far the synthesia of g —amino acids have been worked out.
These include MK natural amino acids (proline, ornithine, kysine,
glutaminic acid, o/-amino-adipinic acid, « ~amino-subebic acid,
‘\‘) phenylalanine, "n;-cr\xi.c;ro-pherwlalanine etc,) and Kidia their homologues
and ‘analogues. All these acids are easily obtained by the general

schenet

e / ety | n CHLC by ce(ch,), CH ~ccl, ;({};,fl)hc,{;(:gf’,_
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X[ed,) Creceeey X (¥Hy ), CHAR,COH
Aff new type of telomerization wiw recantly discovored by 4,7,
Hazmevanov and R.¥h, Freidlinag in the cuse of the reaction of 3 |
1 ethylene and mthyl—dichloro-sﬁane, phenyl-trichloro-silane, tri-

ethyl-gilane, etc.:
1y 2 e

L
RSN, + n CH,= CHy -5 RSC (e ek [ N (3)
e
An extensive cycle of studies of the transformstions of acetylene
copownds vae carried ont by the school of A.E, Favorsky, Here, mention
ghould first of all be made of the mumercus and interesting investiga-
tions of I,N, Nazerov and collaborators and IM.F, Sh;stakovslcy on
the synthesis and study of the tramsformetions of different vinyl
ecters, ctieno
Among the rqutions of acetylene hydrocarbons discovered by
. . .their
B Favorsky, on-e of the most interesting :'L:.-Yca_cfensation with cetones,
This reaction proceeds in thé presence of powdered potassium hydrate,
and in the aimpiest case may be represented by tle scheme:
CJ"‘GCO@@ + HUZCH = {le_g)l‘c:g;{w Y
In the condenaaticio)f acetone with vinyl-acetylene we obtain
3 vixvl—acetyle?&l—dimetlvlcarbiml » Which readily polymerizes with the
Tormation of polymers with good adhesion properties, vhich fact made
it possible to utilize it for.t.he Froductian of a so-called carbinol
paEiNg plue,
Starting with this and enalogous alcohols, Nazarov and coworkars
carried out a large number of differeit myitheses of unsaturated
substames,. cyclic and heterocyclic compourds,

Approved For Release 2008/06/09 : CIA-RDP80T00246A003700090002-0



Approved For Release 2008/06/09 : CIA-RDP80T00246A003700090002-0

-8

The cycle of transformations acconplishcd by Nazarov and

coworkers mgy be represemted by the @ following general schemes:

o 2
R C-c C—CH= uf——?* c, Cz(-cH=CH, + 1D
cH R R cq 2
R c—C ZC-CH=CH, + H,0 — % cocHaaH:CHz
LHR. ZHR
)
AN
& M.z !\ < )
e Mo 4 EH,CH,LOUH = G~

eif, (",OCH:Ci
A R_OCH

WENSCT Ry Hou,CHE0-CHECS

) 'f szo e
LOCHC" :CthJ:H‘Ci 3 1, /Ei::.f-a s." -t r“? Ao Al A
S Ly = CH-CO e -CT e

. \QQ\ ’1‘1 c,H(',H CH,CUCHE S
e 3 J' : \ e -mrﬂr'l-l -

A
54 b o _ _ < N L
Wye/ N\eHeH v e = CH COCH ¢ e
i 0 T’\/ \S“ [l g e s St -
AN/ o * ‘ J/
o :
. Py F e
L n L= 0~ ‘
\\4 0 H,C \/
‘D He )(’Hm)
H CL Upiliming vimyl-alkyl-cetones in Lthe reactious of tho dione

synthesis, Nazarov and coviorkers eSxristrmbrrixexs® syithesized
ey substances close In structure © the natural gl styre}.—.dg,
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The ipplication of the diene pnnthesic fer the cadbeeis of
polyeyelic oyed C!E\Lr?n.‘tﬂ’-e it receorray te slody Abe aveiurel
directivity of these reactions. In a large number of examples
it was possible to show that the conditiorg of lhe repction

end the character of the substitute in diene and di enophil ERFIR
produce an essential affect an the course of the process and the
structure of the final products of the reaction, In working out
the reaction of puided synmthesis of stereoisomers it was possible
to obtain gl1 four of the theoretically possible isomers of
octaline-li-dicarboxglic acid and seven out of eipht possible
decaline~l,2~-dicaroboxylic acids,

Interesting investigations into the symthosis of a large munber
of different heterocyclic conpounds were carried by A.N. Nesmeyanov,
N.X. Kochetkov and others. The initial prolucts of theuc SyEnEd
:ryu{.hcsé; vere p -chlom-vﬁiy‘l—ﬂ}vl—;etones. Some of the trends
of trmsformalions of (3; ~chloro-vilyl-alkyl-fetones are given in
the generel scheme on page 10.

Extensive research has been conducte~d in the U,5.5.R in
the processing of petroleun hydrocarbung, both far their use as
motor fuel, lubricants, and also for processing into &4 diverse
cheidcal products. Of the products of the chemical procesuing of
nalural gases and petroleum hydrocarbons, v mention should first
be made of the synthesiz of halogeno derivatives of hydroecarbons,
allzlene oxides, surface-aclive substarces, lower and hiphee aleohols
carboxylic acids arnd other technically importart products. In this
trend, mention gl should he mpde f the wark of $.5. Nametkin,
4.V, Topchiev, B,A, Koazansky, N.I, Shuikin, K.P. Lavrovsky, aml

others .,

Approved For Release 2008/06/09 : CIA-RDP80T00246A003700090002-0



Approved For Release 2008/06/09 : CIA-RDP80T00246A003700090002-0

-10-

/
>
p S

r) R {(/ NHR |
- WM A
AACH
] NH, ¢ VAR, J
T 0 AL,V H 3, V o oH
Jaf

R b 'Ufﬁ H,

In addition to the study made of o)y o liphatic compoundg
and their spplication in industry, mich has been dae on derivative
8P oromatic hydrocarbona that are needed in the production of dyes,
pharmeceutic prgparatlons%hemlcal means of jrotecting plants and
fightin;_, weeds,

It is to be noted that the Soviet Uniun as early as 1919

2 . industitial .
organized t’“‘d large=-scaleYproduction of # phenol via the peroxide of
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iscpropylbenzene, ;ud at the present time this method is mm used to
Produce phenol at a number of chemicgl factories (P.G, Sergeev).
Further investigotions showed that this method msy be used to obtain
other phenols and Metones too. ‘

Among works of a practic:l nature mention should o be mede of
a method of pf-oducing 2,h—dich10ro—phermi§'—acetic acid by chloration

L

v of SN ‘ dispersi(_m of phenoxy-acetic acid in apparatus with

mixers of original desiyn; the same method is used to obtain a 90%
yield of 2-methyl-L-chloro-phenoxy-acétic and butyric acids.

Of interest also is the photochenical production of hexachloro-
cyclohexane in column apparatus, The technical hexachloro-cyclohexane
obtained in the photo-chemical chloration of benzene my be processed
in one stage into o preparation containing 90% gamma isomer with a
yield of not less than 85-90%, taking accowit of the gamria Llusomer in-
the tochnical product. The nontoxic isomers of hexachloro=cyclohexane
are good KERMR raw materials far the production of a number of valuable
products tha% may be used both in agricultwre and in industry ,

Speaking of the processing of gwm® aromatic compounds, mention
should be made of the development of the analine-dye industry and fi?st
of' all of the production of dyes. Durisg the postwar period the chemi-
cal 1n6ustry began to produce a large mumber of rew dyes, among which
are 1,7 direct(subst.?nﬁi&g 11 coloured sulphurous,, 16 products for
cold dyeing, 68 acid and mordant-type for wool, 7 bagic, L1 plgment
and lacquer-type, 42 mubke, etc. These fignres show that only during
the nast few yesrs the chemical indusiry has begun to put out over
250 new dyes that belong to different cl:sses of organic compeunds,
Simultaneously with the growth in sssortment of dyes an pharmaceutic

preparations there developed an industry that produces seni-~product s
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necespuy’y for their symthesis. . - ' R

| r

Yn the basis of aromalic raw material,large-scsle production
(with a large mumber of different types) g has been organized of
polymer materlals, including synthetic fibre .andr plastic mmsses,
in addition to dyes and pharmaceutic preparationé. We ney also
point to the large-scale productiai{on the basis of aromatic
compounds) of chemicals for tﬁc protection of plants, such as DDT,
trichlorophenolate of copper(for cottom-seed iredtnent againgt
'hoxﬂ)lx:bsia) s poly-halogeno-phenols, dinitroslkylphenols and many others.

Investigations of element-organic compounds huve been greatly

, sgian chenists have been interested

extended in recent ycaero—orgETc_ compounds
since the time of A.M. Butlerov.smml Some of the most ow standing
repregentatives of Rusgian chomical science, such as A.M. Zaitsev,
3.N. Reformatsky, P.P. Shorygin, N.D. Zelinsky, and marny others have
wrked g8 in this field and ¥SEN heve made their corncribulion to the
development of thie important g branch' of organic chemistry, Interest
in this fiald is due to Lhe EA A aTERese Upartant part vhich
element-orgamic campounds play in the solution of mamy problems of
theoretical snd B applied chemistry, Sufficl:!e\ it to recall th:t
swh importamt discoveries au ectehiishing the valency of the clementa,
the discovery of free aliphatic redicals, the obtaining ol ncw
gtable muterisls, snd others saEE® resul ed from investip:tias in
the field of element-organic compounds. Also well-known is tie role
of many metallo-organic comprunds in organic synthesis and their
highly diversified applicetion in difi‘férent brenches of dnvustry ond
an.g]*icu}ﬁure. Thug, they find applicution s raw meteriod rfor the

productiey of wolerials that are very resistit and stable with regreet
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.
to aggressive nudia%mi}mock agents F¥8 for motor i‘uel’, admixtures’
to lubricants, insecticides, thnpgieides, zrmw soed-trc:-tﬁmnt spents,
herbicides, and in many other cases.

During recent yesars in the Soviet Union, investigations have
been made oi the organic compounds of the following elements:
lithlum, sodium, magnesium, zinc, cadmium, nercury, boron, aluminiun,
thallium, silicon, & titanium, zirconium, germanium, tin, lead,
chromium, selenium, phosphorus, sarsenic, mtimory, bismuth, Do
bromine, iodine, fluerine, iron, and platinum,

Qutstanding in their investigetions int he Jield of olement<
organic conpounds in the U,5,8.R, arc the schools of A.E, Arbuzov,
A.N. Negmeyanov, B,A, Arbuzov, I.L. Kn;’nyants, K.A. Kocheshkov, and
others,

To @R5® date, a large number of methods have been worked oud
ol the synthesis of different eleneni-orguic o Tpounds; numerous
types of new compounds have been obtaiied ond naty of them have found
practical spplications.gfM The Sirbes® sbundance of new materinl
Wx’(’le it possible to draw certsin fumdamentsl conelusions thab e

of importance @ not only for the chemistry of element-organic
corpounds, but for all organic chemistry as well.

Below we give several illustintions of the aynthesis of elerient—
arganic compounds,

The symthesis of element-organic compounds ly mesns of double
onjwn BFZE® salts discovered by Nesmeyanov in 1929 hus Lecn videly
applied far the synthesis of orgmic compounds of rercwy, thallium,
tln, lea:, Ligwhbh, arsenic, antimony (Nesmeyanov, Kocheshkov, hinr-
kova, leutov, and covorkers). In its zeverel forr, the reaclion of
#2 obtaining element -organic cowmounds by this nethod mgy be renre-

soted My the following ;enerul scleme:
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(/,JDJ\Q‘()MJ&XH, + %T-/Vel qﬂ«;hﬂayh_;- .%.}/74.\’-.\"(7)
s

This method is a general and sinple wuy of obtaining individual
metallo-organic compounds c¢ontaining diverse functimal groups in
the bl aromatic raéicai!.. ' _

In connection with M@?{Eg diagomethod a study
has been made of the deca& mechinisn of &P diazonjum and other onium
compounds; it 1s shown that it is possible to control the reactim
and to GrEeP guide its courge either according to the ionic or
the radical type,

Very interesting ruesults have beon cbtained in studying the
decomposition o boron flucride ofly phenyldiazonium in SHFP
chlor\géenzene and bromo-benzene. In this regpect it was possible
‘to synthesize hitherto unknown gimple aromatic compounds of

polyvalent chlorine and bromine:

,,ch,)/zi?:}}, ¢ Ak — Jch,l}f'r I F,tA (8
By #%K¥8 substitutling other anions for the arions of boron

Tluoride, Nesmeyanov and covorkels nmade a xi# study of a large

number of salts of diphenylchloronium anc diphenylbromonium,

The double salts of diarylhalogoniwn with the salts of metals were

also u:»se:fo synthesize organic compouwnds of mercuwry, tin, antimory,

and bismuthﬂ ( Nesmeyanov, Reut'ov, Mekarova),

(ﬁllx.a) Ae Cén"" 2;;‘/%‘1 4 J‘h,mw'& A

A -

P TS |
-—P— e %F )

ihe diagomethod was epplied by N,N, Helnikov, K.I'. Shvelsova-
Shilovakaya and Grapov to ollain mired estevs of “thioﬁhosphoric acidss
o Gy Feg = (i) GYC A N v WeE
(R,O; NV i A, M - (“”.”— PXSAL N, v HiL
A0S 0 (10)
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The same authors developed a method of synthesizing esicin of
. arrliphosphinic acids from dialkylhalogenophesphites and the resm ctive
galts of diazonium:
b .
(70 o2 = (80Tt s (GOIF e Ky
+ 1H
Of great importunce #@ in the chemistiry of élement.—organic
compoundn. are reactions Xd#® linked by transitions from one set af
element-orga ic compounds tol other sets. Nesmeyanov and coworkers
have developed numerous pathways of such transitions s &8pecially
betwren the organic compounds of mercury,mthe me hand, and COmpounds
of zinc, cadmium, aluminium, thallium, tin, lead, arsenic, mha ant%tﬁony,
bimmth, and polyvalent saomidkmey iodine, an the other hand,
Kocheshkov and coworkers recently worked out & method of the direct

introductiar of thallium into the .aromat.ic rings
) - i H ' | . - ’ J - . e CDD’
C‘H‘ 1IE (706 -0 )5 - > £ HyTE (0C0CH, Jot o M S22

an dnteresting rmethod of the synthesis of retello-ovs.vic
corpoukly 1o Yhe reaction of potal subszlitv:ion rocasilly vonlkosd s
by Kocheshkov amd Talalievas
@‘Hr,z; + ./H} (and also Hg, Sn, Pb, 4s, Sb} -7

— L‘ ) “”3 (end also (C,Hc) K ( ) S (CH o3
(CHe)y A (cH ?
~ A new method of the synthes:.s of arganic compounds of mercury
of the aliphatic series was ® worked out by G.A. Wvdev and W
coworkerst
ﬁi{ U) Hj f)(JJCH -— (if MOC{J t4-{ F 0N (1)

L.

This reaction is #34 Initlaled LUy perox:l.deo.
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v The Fff_.lhand-lgppm_a method has been used in the U.3.35.R. for
the 1ndustriai production of seed-treatment agents., Due fo the work
of N.N, Melnikov and coworkers this method has produced gEiZaE
Yields of dialkyl mercwry wp to 70-90% of the theoretical value,

In connection with the industrial production of mercuric agents Tor
seed treatment, Nesmeyanov, Melnikov, arnd coworkers have made a
rather detailed study of the reaction of dialkyl ancXxvgiA{
diaryl mercury with mercuric salts of acids of tifferent bagicity,
At p result of these investigationg it has been possible to find
coniitions for producing ollyl-tiorcwric salts of poly-basic sEX®
acide with yields close to the t.héore.t'ical volues,

The syntheses have been worked out of substituted alkyl
mercuric salts by SRR combiryng the salts of rercury vith unsht-uraal
compounds (Neameyanov, Freillina, Borisov),

The classical method of #aoEm obtaining arpginic conpounds of
phosphorus is the Arbusov rea.r\r"angemerrb discovered Ly A.E. Artmzov
as far back as the *‘ginning of thias century. Durdng recemt yc.iu
this methad hag been used to gynthesize s large number of pe-v ::r:wpmnl!ﬁ]
some of which are of great prackical importance for use as medical
mweparatios, New directions in the arbuzov rearrangereit have
been diuscovered, As you know, the Arbuzov reerrangement is still
@ aliphitic _
the bagic method of synthesizing GFga1r componids of £Bgdphoipho i,
Recently, B.A. Artmzov and A N. Pndovik worked ont o new method
of proficivg wemmie s ospowyls oF phogphor e by combining dialkyl-
phogphites through double linkage of unsaturated compounds; this

meihod hags been uged to synmthesziuse over Bua one hundred difierent

COLpaQE,

(15)
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gy
Abramov, o sk pupil of A.¥., Arbugzov, Niu% hasomade a study
of the reaction of dialkyl-phosphites with aldelydes which was the
basis in the production of the well~-known insecticide depterex,
olbained by condensation of dimethyl-phosphite with chloral, | Al
. the reaction of obtaining dimethyl-phosphite from phofphorus tri-
chloride and @ methanol may be combindd with the joining of chloral.
A.E‘;. and B.A, Arbuzov ond coworkers madef a detuiled study of
the productim of pyrophosphates, EHBERIECEMENSE® thiopyrophosphates,
dithiopyrophosphat.es‘ ond their ﬁii‘ferent derivatives,
A method has been devcloped Tor the obteining of different
phosphorus cofnpounds by the interactim of halogeno phogphorus with

MR ethylene oxide, aldehydes and the like(M,I, Kebachnik),

DY, + 3 %;v/ﬂéfz — P (oeHertl),
Ty + RCHO — RCH-Foct, te)
@
AV, Kirsanov discovered a new claés of organic campounds of
phosphorus obtained by the interaction of f&XsyEm® holides of
phosphorus with sulfemides and amides of different acids

Ao SO, +Dely > ASON=TEE, —  S04=T(OR ),

Among the Qﬁiﬁed) canpouuds]there are interesting ey
gystem insecticides that are mactically harmless to warm-blooded

animals,
In connection with the grest impartance of the d fferent
derivatives of thiophosphoric acid, which find wide application

in agriculture as active insecticides and acaricides, of great

wignificence ig the obtaining of esters of chloro-thiophosphoric
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acid.® lielnikov ani Mandelbawn and coworkers bave worked out a
number of new and simple methods of obbaining these compounds.
The most important of thcse methods may be #ll represented by the

following geneval schenes:

PO, - LROH + 2 OF (ﬁa) TS w2 A a& +1H,0

QT + ROH + Nl > 2 5273 Mo i
2 RoTSe, +(R:0), Mg — 2RO Psee (0 Ray + Mate)
3 @500, Y A7) > ,,/ NTISELE 2 AT

Bspecmll}f good g yields are produced Dby d.].metrvlchloro-
thiophosphate end methylethylchloro-phosphate, on the basis of whi.
a murber of insecticides are produced. A distinguishing feature
of these methods of obbtaining dimethyle and ﬁethylethvlchloro-
miophosphates is the fact that the reac?ion proceeds with an
almost equivalent quantity of the eppropriate alcohol in the
presence of a hydrous slkali,

A study of the properties of PFClg, alkyldichluro—thiophOSphabe)
and dialkylchloro-thiophosphates has shown that these compounds
have properties that differ but slightly from the chloro anhydrides
of differcnt other organic and inorgsnic acids, an the baslis af’

%ﬂoh a method B2 has been worked out to obtain diallyl chloro—
thiophosphates through the iteraction of PFCl, or alkyldi chfloro-

phosphate and the ipyroprinte 2lcohels by the reaction:
Tiegy o~ 200 = (&0}1 Ser 4 RHEC

ROTser, + R'OH -, (Ro) PS5 U (o) +HEO?)
The same £ method may beff used to obtain Jialkylchloro=-
thiophosphates with different lnirocarbon redicals.
0f B great inmterest are the works on tautomerism of the

orgendc vonpounds of phosphorus, far example, the tantomerism

of esters and otherdd#ffgfid derivatives oiy phosphorous acid
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discévered several decades ago by A.E. Arbuzov and verified by
his school on extensive experimental material, and alss the works
of Nesmeyanov and Kabachnik on the #it# dual reaction ohility of
organic compounds which Was stiidied in detagil by them in reactions
of CIEPEFIHANES varieus derivatives ohga'éids of phosphorus and
certain other conpounda.'

It may be noted thaﬁ\wm:remely rapid development of work
in the fleld of wilicon-organic cumpowds ﬁenm after K.A. Andrianov

di scovered I® polymer mﬁmw s1licon-argm ic compounds.
M ?

In work conducted Wuerols coworker's, MAririanov showed e
1olyrer character of the products of hydrol¥sis of mixed silicon--
orgmic compounds and worked ot s larze madber of ways oL symthe-
sizing these corpounds. At the pregent time, WREHIRA organic
- compounds are used to produce diwerse materials such as varnishesy
rubbers, plaaticl,etc. There ia no doubt th.i this field of indusgtry
of polymer silicon-orgmlc compounds will oont:mue’ to develop
L3N nany cases)
at a very high r"te, bocauae‘Y"ilicon-orgmic polymers possess cx-
ceedingly valuable propertles as compared vwith othe%;olymer products,
. The secord important stape in the devalopment{of the chemistry
of high-polymer gilicon-orgunic compounds is the discovery by K.A.
Andrianov and A.A, Zhdanov of a new class of polyner se— poly-organo-
d metallo-:iloxane. The structure of this group of polyners muy be
repre.jen't.ccl hy the follmaiug_, general i‘ormula:

s
- - - O(/o S;O‘
,_.; -0 - /4( -0 5<. : : (20}

Polymers of this sort possess valuable properties and
have already found practical spiliciiion ine industay, They readily

dissolve in organic solvents, nfter the evaporat.on of vhich they

) form films.\ﬁ_@;
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To this same growp belong the work on the syathesis of the
organic compounds of titanium which was coidwted by Nesmeyanov,
Freidlina, Nogina, and Brainina, who .ob't.a:i.ned different esters of
titenium acid of the following structures )

' - T - ‘
(Ro) Je-0-T(oR),-0-T (oR], o)

During recent years cmsiderable development has been apparecut
in the chemistry of the organic compounds of fluorine, vhich are
of great practical and theoretical £iPH imterest. In the U.S,5.R,,
studiea ir? this interesting field are develojing in several directiong
both W@ as Lo methods of obtuining these m subst ances and REik9
reactions of different substances «f thi. class add oz to thoir
rractical wbilizstion in fawnctry, First to be mentioned here

~is the @ work of I.L. lyynyants and coworkers dealing with ¥l a .
method of obtaining fMuore alkanols by the interaction of alpha-

oxides and hydrogen fluoride:
oy CH, & {F S F UM, ¢H, 01

Q
also
Knynyants and his coworkers haveymade a broad investigation of

(22)

nuerous reactions of the linking of muiclteophilic ani’aectrophilic
§ reagents to fluoro-olejfines, they have studied the order of combin-
ation of alcohols ang mercaplens to wnsymmetrical flvoro-olef in'es,
they hove astablished Tacls of the VD subslitotioe of Teovine
s Vg albeansl cond thor Svoue chesny 0 L resrrongonad e of
- perfluofjo—allyl derivulives,

“hesc same invesligators gxp have made a study of tha reacgion
off mitril.ion of different fluoro derivatives of ethylene and its
homolopues; and it has been estahlished that in addition to dinitro-

. !
compounds, and sometimes in preference to thcm’thfem are Tormed
[
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(b - nitroperfluo-allylnitrites, vhich uwon geponificsticn roduce
Lcar s
ol - nitroperflu ‘ boxylic acids,

ST N 20u o F, CFNC -

Unlike the ordinary & —ni‘broallqlcarbé:qriic acids, such
acids are completely stable and are distilled without decomposition,

Perfluo-vinylmagnesiun~halogenides too have imteresting
properties, through the % wbilization of vhich it was posslble
to obtain perfluo-acrylic acid and ot.her_'. compounds B (Knynyants,
Fokin, and others).

Extensive research has besn condugted in the U.3.3.R. #lso
in the field ofth:terocycllc compourds of various series. These
investipgationg are conitected with the nines & the Soviel chemiclcs
7,25, Bodionov, T,L, Koynyants, In.K. Iuriev, A.E. Porai-Koshits,
B.A. Porai-Koshits, M.V, Fhlﬁtsov’, Giller, Mndzhoyan, Ya.l. "Goldfarb,
am others,

it i impossible in a brief r;pcrt to cover all the diversily
of work beiny. carried on by Soviet investigators in this irteresting
ard impertant field, I shall therefare mention only & few that are
of a general nature, lention should first be made of V,HM. Rodlonov
ann coworkex-é. Un the basis of a general method, discovered by him,
of kawid obtaining p-——muino acids by means of the interaction of

ald.ehx’g.es and ammonia and malanic ester:

ACHO * .A’H' + 0, (moi{) oy BRI - 200k B0 F 0
3 mr (2L}

he developed a simple and comrenient method of obtaining hexa~
hycropyridines. The production of such compowmds ney be renre-

semted by the following scheme:
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wA/H 2. . J‘f H

RCH - CH iV, - NI CoNH, — R-g ] ) JVH + 1,0

] | .
: + S08E, —7  R.CH
N \ A > + W H, ~>
CH ,CO0H ‘fx\csz& 3
/\ \ (25)
HJ_C \ NMH
C=
i \
R."CH - J\fH o ﬂ: Jw;éﬁﬁ. © R (,Pf N va fs M f_/(f\ SO

7 | = -

‘ ———
CH, CONH, Ak

r«H s (O CH- e
‘ 2

~ - lﬂ
Ro VH\&;) + RLO0H

— !

oy, — NH”

The significence of § ~ amine acids for Jiving organisms ig
well known,

Speaking of the synthesis of amino acids it is necessary to
point to the works of I.L. Kmrnay'l;xts and cowerkers devoted to
obtaining and studying oxy- ok anico acids, which shoved thal
d..s’uba-‘bituted- & -—acyl-amino acids are easily obtained from
ch =y @ —dihalogeno- o ~acyl-amino acids throupgh the interaction of

the lﬁter with water, alcohols, mercaptana and other such componds:

..bH *C - NHCOIL Hé N /’&H < ~AHMEOR i HX

26
COOH . 6001‘1' 128

J - cH , R A f‘]F \/W‘D"’
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The second atom of the #%3 haloid element is SR subtstitubed'
in more rigorous copditions. It was in this way that the

r) J‘.
\':) ' —~substituted derivatives of serine and cistein were obtained
for the first time: SR
. T
X _S4 RS, - ¢ Mo
XCH,C -.er(,o&,/ COTH
3 N
CJ'JH \ | RCO R (27)
wu HOM,- C.— wi Cofu
.
COOH
B Ty New oxasalons that contain in the pogsitim of the L-

oxasolon ring different functinal groupsf heve been synthesized
by means of anhydridization of o - s P ~di halogeno—o{ ~ecyl-amino-
EIel carboxylic acids with PGJ.S or thionyl chlorideg?

x ol_ :
XCH, L, N Cop, T "G‘““C‘- N (28)
com{ Crye0),0 0—“\]"‘-
Q

M. M. Shemyakin developed u method of ol tumm L ~oxy— o =iy Ll-

aino sedcs Ty eirolysis oo 2=hherg -l :n}gaﬂllm s
RO HOW — ANHLR
[: ) 20 ‘]'JH NH LR ("0
C - COOH
also:

Interesting results haveibeen obtained ny Kry Knwyants and
coworkers in the synthesls of RmwevasaxgMisvds four-nembered

he: t.Kez ocyclic compounds - p-lactams and thinlact.ones:

o
\-&.

R CH ‘ CH’.‘. W, il &'CI{ —u( R, CH ity

' D e S I G Ty

R - (,o ,&/ﬂ B- W'Y bro. A ‘
\

R o
R,2 Uit €204 ‘?:—-‘-"—"-—;r R, - er,

S (Gt VL

{4}

y (20)
# (oA e 1 Ry

Approved For Release 2008/06/09 : CIA-RDP80T00246A003700090002-0



Approved For Release 2008/06/09 : CIA-RDP80T00246A003700090002-0

4

2l

In such a brief review as this is J’i:\.‘%hardly possible to
indicate even all of the principal trends of Soviet investipators
in synthetic orgmdc chemistry. I was therefare capelled to give
only isoloted illugtrabions that YoM in large measure selected
suti;’jectively, which was inevitable hecause of the tremendous abundance
of the material. but I believe thot the examples given are mufficiert
to show that @@FiNEM® serious avtention 8 in the U,5.8.R. is paid
to the development of organic chemistry, snd to the natwr al-chemicsl
industry of organic FEWA® synthesis, vhick olays an irpertaath pet
i satislizing the demsnds of the people for vitally importent goods

and meterials.
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